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FOREWORD 

I 

1  The  work  described  in  this  report  was  authorized  under  Project 

1C622401A097*  Medical  Defense  Aspects  of  Chemical  Agents  (U).  The  work 
was  started  in  May  1964  and  completed  in  August  1965. 

i 

!  In  conducting  the  research  described  in  this  report,  the  inves¬ 

tigators  adhered  to  the  ,fPrinciples  of  Laboratory  Animal  Care"  as  established 
i  by  the  National  Society  for  Medical  Research. 

I 

Acknowledgments 

|  The  authors  are  indebted  to  Pfc  Gerhard  A.  Hauptmann  for  his 

'i! 

I  excellent  technical  assistance  during  these  studies  and  to  Dr.  Bruno  Papir- 
f  meister  for  helpful  criticism  and  assistance  in  preparation  of  the  manuscript. 


6 

I 

•A 

Ik' 


* 


Notices 


Reproduction  of  this  document  in  whole  or  in  part  is  prohibited 
except  with  permission  of  US  Army  Edgewood  Arsenal  Chemical  Research 
and  Development  Laboratories;  however,  DDC  is  authorized  to  reproduce 
the  document  for  United  States  Government  purposes. 

The  information  in  this  report  has  been  cleared  for  release 
to  the  general  public. 


Disclaimer 


The  findings  in  this  report  are  not  to  be  construed  as  an  official 
Department  of  the  Army  position,  unless  so  designated  by  other  authorized 
documents. 


Disposition 


When  this  report  has  served  its  purpose,  DESTROY  it. 
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DIGEST 

The  purpose  of  the  present  study  was  to  determine  the  LD100 
(lethal  dose  for  100%  of  the  test  population),  LP50  (lethal  dose  for  50%  of  the 
test  population),  and  EDO  (highest  dose  at  which  no  effects  are  seen  in  any  of 
the  test  population)  for  intraperitoneal  injections  of  nine  solvents  into  mice. 

A  comparison  of  the  toxicity  (EDO,  LD50,  and  LD1 00)  of  these 
solvents  showed  their  descending  order  of  toxicity  to  be:  (1)  100%  ethanol, 

(2)  1 00%  polyethylene  glycol-200,  (3)  100%  propylene  glycol,  (4)  100%  dimethyl 
sulfoxide,  (5)  100%  sterol  diluent,  (6)  distilled  water,  (7)  0.  5%  methylcellulose 
solution,  (8)  isotonic  saline  solution,  and  (9)  3.  0%  polyvinylpyrrolidone 
solution  suspended  in  isotonic  saline  solution. 
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PHARMACOTOXIC  EVALUATION  OF  NINE  VEHICLES 
ADMINISTERED  INTRAPERITONEALLY  TO  MICE 

I.  INTRODUCTION. 


Choosing  a  vehicle  for  resuspension  of  ethanol  extracts  is  a 
bothersome  problem  faced  by  the  Natural  Products  Laboratory.  Resuspended 
ethanol  extracts  are  not  injected  intravenously  because  a  true  solution  is  not 
usually  obtained;  hence,  fatal  occlusion  of  pulmonary  arteries  by  masses  of 
suspended  material  could  result.  Pulmonary  capillaries  cannot  pass  the  larger 
particles;  i.  e.  ,  those  20\i  or  larger  in  diameter.  *  As  a  result,  all  ethanol 
extracts  are  administered  intraperitoneally.  Aqueous  or  any  other  extracts 
are  also  administered  intraperitoneally  when  the  extract  fails  to  go  into  solu¬ 
tion  upon  resuspension  in  isotonic  saline. 

Any  active  principle  that  may  be  present  in  a  crude  extract  is 
probably  already  so  diluted  that  any  'interesting  symptoms  "  displayed  by  mice 
may  not  occur  until  a  dose  as  high  as  150  mg/kg  is  reached.  Usually,  the 
crude  extract  material  must  not  be  concentrated  in  excess  of  100  mg/ml 
because  it  may  clog  the  syringe.  The  vehicle  (diluent)  should  have  a  high 
EDO  (highest  dose  at  which  no  effects  are  seen  in  any  of  the  test  population) 
because,  if  it  causes  a  reaction  in  the  test  animal,  it  may  be  impossible  to 
distinguish  a  symptom  caused  by  the  crude  extract  from  that  caused  by  a 
pharmacologically  active  solvent, 

% 

The  purpose  of  the  present  study  was  to  determine  the  LD100 
(lethal  dose  for  100%  of  the  test  population),  LD50  (lethal  dose  for  50%  of  the 
test  population),  and  EDO  for  intraperitoneal  injections  into  mice  of  the 
following  nine  solvents;  (1)  100%  ethanol,  (2)  100%  polyethylene  glycol-200, 

(3)  100%  propylene  glycol,  (4)  100%  dimethyl  sulfoxide,  (5)  100%  sterol 
diluent,  (6)  distilled  water,  (7)  0.  5%  methylcellulose  solution,  (8)  isotonic 
saline  solution,  and  (9)  3.  0%  polyvinylpyrrolidone  suspended  in  isotonic  saline 
solution, 

II.  METHODS  AND  MATERIALS. 

Replicate  groups  of  10  male,  Swiss  albino.  Caesarean-derived 
mice  were  given  each  solvent  intraperitoneally  (at  0, 167  common  or  Briggsian 
log  dose  intervals  to  base  10  at  lethal-dose  levels  and  0.  5  common  or 
Briggsian  log  dose  intervals  to  base  10  at  effective-dose  levels)  and  retained 


for  observation  (up  to  5  days)  until  death  or  until  normal  activity  returned. 

The  room  temperature  was  24°  to  28°C,  with  the  humidity  ranging  from  20%  to 
30%  during  the  day  and  from  60%  to  70%  during  the  night.  The  mice  (in  groups 
of  20)  were  housed  overnight  in  plastic -bottomed,  metal-topped  cages  (9  by 
19  by  5  in. )  prior  to  injection.  After  administration  of  the  vehicle,  the  mice 
were  transferred  to  smaller,  plastic -bottomed,  metal-topped  cages  (6  by  11  by 
5  in. )  in  groups  of  five  for  observation.  Food  and  water  were  available  ad 
libitum.  The  weight  range  of  the  mice  was  20  to  30  gm.  Time  of  injection, 
reactions  displayed,  and  time  of  death  were  observed  and  recorded.  The 
solvents  with  their  empirical  formulas  are  as  follows^-^: 

Name  of  solvent  Empirical  formula 

Ethanol  CH3CH3OH 

Propylene  glycol  CH2OHCHOHCH3 

Polyethylene  glycol-200  HOCH2(OCH2CH2)nOH 

Dimethyl  sulfoxide  (CH^SO 

Polyvinylpyrrolidone  (-CH2CHC^H4NO-  )n 

Methylcellulose  (4,  000  cp;  type  (RnOCH3)x  Rn  =  glucose  chain 

HG  65,  Dow  Chemical) 

Sterol  diluent: 


Benzyl  alcohol 

Polysorbate  80;  Tween  80;  Span; 
polyoxyethylene  sorbitan  monooleate 

Sodium  carboxymethylcellulose 

Saline  solution 
Distilled  water 


C6H5CH2OH 

Complex  mixture  of  polyethylene 
ethers  of  mixed  partial  oleic 
esters  of  sorbital  anhydrides 
(C6Hl0O6R;  C&Hi205R;  CiHyO$R)n 
R  =  fatty  acid  residue 

(RnOCH2COONa)  x;  Hn  =  glucose  chain 
Solubility  depends  upon  degree  of 
substitution  of  carboxy  groups 

NaCl*  H20 

h2o 


! 
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HI.  RESULTS. 

The  present  study,  has  shown  that  the  descending  order  of  toxicity 
of  t!  e  solvents  is  as  follows:  (1)  100%  ethanol,  (2)  100%  polyethylene  glycol- 
200,  (3)  1 00%  propylene  glycol,  (4)  100%  dimethyl  sulfoxide,  (5)  100%  tterol 
diluent,  (6)  distilled  water,  (7)  0.  5%  methylcellulose  solution,  (8)  isotonic 
saline  solution,  and  (9)  3.0%  polyvinylpyrrolidone  (tables  1,2,  and  3  and 
figure).  Detailed  toxicity  data  on  each  solvent  are  referred  to  in  the  appendix. 

TABLE  1 

ESTIMATED  LETHAL  AND  EFFECTIVE  DOSE  LEVELS 
OF  SOLVENTS  TESTED 


Solvent  * 

LD100 

LD50 

EDO 

Polyvinylpyrrolidone 

>316.0 

ml/ kg 

>316.0 

31.6 

Isotonic  saline  solution 

>316.0 

>316.0 

21.4 

Methylcellulose  (0.  5%) 

316.0 

275.0 

1.0 

Distilled  water 

316.0 

190.0 

14.7 

Sterol  diluent 

147.0 

123.5 

10.0 

Dimethyl  sulfoxide 

14.7 

11.0 

0.32 

Propylene  glycol 

14.7 

10.0 

0.1 

Polyethylene  glycol- 200 

10.0 

7.5 

1.0 

Ethanol 

3.2 

1.23 

0.1 

*  Administered  intraperitoneally  in  mice. 


TABLE  2 


i 


NUMBER  OF  DEATHS  OUT  OF  EACH  SET  OF  10  MICE 
TESTED  AT  VARIOUS  DOSE  LEVELS 


Dose  infra- 
pc&ttoneal 

Solvent* 

A 

B 

c 

D 

E 

F 

G 

H 

T 

ml/ kg 

. 

0. 1 

— 

■  — 

— 

0/10 

— 

0/10 

0.32 

— 

— 

— 

— 

— 

0/10 

0/10 

— 

0/10 

1.0 

— 

— 

0/10 

— 

— 

0/10 

0/10 

0/10 

1/10 

1.5 

— 

— 

— 

— 

— 

— 

— 

— 

10/10 

2.1 

— 

— 

— 

— 

— 

— 

— 

— 

8/10 

3.2 

— 

— 

0/10 

— 

— 

0/10 

— 

0/10 

10/10 

4.  6 

— 

— 

— 

— 

— 

■  — 

— 

0/10 

— 

6.8 

— 

— 

— 

— 

— 

0/10 

0/10 

4/10 

10/10 

10.0 

— 

. - 

— 

— 

0/10 

4/10 

5/10 

10/10 

— 

14.7 

— 

— 

— 

0/10 

— 

10/10 

10/10 

— 

— 

21.4 

— 

0/10 

— 

_ 

— 

— 

— 

10/10 

— 

31.6 

0/10 

0/10 

— 

0/10 

0/10 

— 

— 

— 

— 

41  5 

— 

— 

— 

— 

— 

— 

— 

— 

— 

68.0 

0/10 

— 

— 

— 

— 

— 

— 

— 

— 

100.0 

— 

— 

— 

0/10 

0/10 

— 

— 

— 

— 

147.0 

— 

— 

0/10 

0/10 

10/10 

— 

— 

— 

— 

214.0 

— 

2/10 

8/10 

10/10 

— 

— 

— 

— 

316.0 

0/10 

0/10 

10/10 

10/10 

— 

*  A  =  polyvinylpyrrolidone;  B  =  isotonic  saline  solution;  C  =  0.5% methyl- 
cellulose;  D  =  distilled  water;  E  =  sterol  diluent;  F  =  dimethyl  sulfoxide; 
G  =  propylene  glycol;  K  =  polyethylene  glycol-200;  I  =  ethanol. 


0 


TABLE  3 


NUMBER  OF  MICE  SHOWING  REACTIONS  OUT  OF 
EACH  SET  OF  10  MICE  TESTED 


Dose  intra- 


Solvent3^ 


peritoneal 

A 

B 

c 

D 

E 

F 

G 

in 

1  I 

1 

ml/  kg 

0.1 

0/10 

0.  32 

— 

— 

— 

— 

— 

0/10 

10/10 

— 

3/10 

1.0 

— 

— 

0/10 

— 

— 

10/10 

10/10 

0/10 

1.5 

— 

— 

— 

— 

— 

— 

— 

— 

10/10 

2. 1 

— 

— 

— 

— 

— 

— 

— 

— 

10/10 

3.2 

— 

— 

10/10 

— 

— 

10/10 

— 

10/10 

10/10 

4.6 

— 

— 

— 

— 

— 

— 

— 

10/10 

— 

6.8 

— 

— 

— 

— 

— 

10/10 

10/10 

10/10 

10/10 

10.0 

— 

— 

— 

— 

0/10 

10/10 

10/10 

10/10 

— 

14.7 

— 

— 

— 

0/10 

— 

10/10 

10/10 

— 

— 

21.4 

— 

0/10 

— 

— 

— 

— 

— 

10/10 

— 

31.6 

0/10 

10/10 

— 

9/10 

6/10 

— 

— 

— 

— 

46.5 

— 

— 

— 

— 

— 

— 

— 

•— 

“ 

68.  0 

8/10 

— 

— 

— 

— 

— 

— 

— 

100.0 

— 

— 

— 

10/10 

10/10 

— 

— 

— 

— 

147.0 

— 

— 

10/10 

10/10 

10/10 

— 

— 

— 

— 

214.0 

— 

— 

10/10 

10/10 

10/10 

— 

— 

— 

— * 

316.0 

10/10 

10/10 

10/10 

10/10 

*  A  =  polyvinylpyrrolidone;  B  =  isotonic  saline  solution;  C  ~  0.  5%  methyl- 
cellulose;  D  =  distilled  water;  E  =  sterol  diluent;  F  =  dimethyl  sulfoxide; 
G  =  propylene  glycol;  H  =  polyethylene  glycol- 200;  I  =  ethanol. 
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IV.  DISCUSSION. 


A.  Sterol  Diluent. 

The  present  authors  chose  sterol  diluent  for  use  in  routine  adminis  - 
tration  of  extracts  in  most  quantities  to  animals  because  it  has  good  solvent 
properties'*  and  is  not  very  toxic  (LD50  =  147.0  ml/kg,  EDO  =  10.  0  ml/kg). 

This  mixture  of  benzyl  alcohol.  Tween  80,  sodium  carboxymethylcellulose, 
saline,  and  water  is  used  routinely  for  the  resuspension  of  extracts  that  will 
not  go  into  solution  with  saline.  Macht®*  ^  lists  the  toxicity  of  benzyl  alcohol 
as  about  2.0  gm/kg,  which  is  about  the  amount  present  in  toxic  doses  of  sterol 
diluent.  Symptoms  or  death  after  the  administration  of  benzyl  alcohol  occur 
very  rapidly  (10  to  20  min),®  as  they  did  after  the  administration  of  sterol 
diluent  in  the  present  studies;  hence,  the  toxicity  of  sterol  diluent  is  attributed 
to  benzyl  alcohol.  The  rapidity  of  the  toxic  action  of  sterol  diluent  facilitates 
the  evaluation  of  suspended  materials,  because  any  symptoms  caused  by  the 
solvent  will  have  occurred  within  15  to  20  min.  One  could,  therefore,  administer 
more  than  10.  0  ml/ kg  (EDO)  to  mice  and  still  be  sure  that  any  signs  observed 
after  30  min  were  caused  by  the  extract.  This  is  probably  true  for  doses  up 
to  30  ml/ kg. 

B.  Methylcellulose  (0.  5%). 

P(  ssessing  good  emulsifying  properties,  ^  methylcellulose  has 
also  been  demonstrated  to  be  highly  effective  when  used  to  resuspend  certain 
types  of  crystals;  e.  g.  ,  sulfur  particles.  ^  Methylcellulose  is  not  very  toxic 
(LD50  =  275.  0  ml/kg,  EDO  =  1.0  ml/kg),  but  it  can  cause  decreased  locomotor 
activity  at  low  doses.  When  sterol  diluent  fails  to  give  a  good  solution  or 
suspension  of  crude  extract,  0.  5%  methylcellulose  is  used.  The  present  authors 
do  not  use  it  routinely  because  of  its  low  EDO  and  because  sterol  diluent 
possesses  better  solvent  properties. 

C.  Polyvinylpyrrolidone  (3.  0%). 

The  least  toxic  of  the  solvents  tested  (LD50  =  >316.0  ml/kg, 

EDO  =  31.6  ml/kg),  polyvinylpyrrolidone  is  occasionally  used  in  conjunction 
with  sterol  diluent  when  ethanol  extracts  are  difficult  to  resuspend.  Inherent 
intraperitoneal  toxicity  could  not  be  determined  because  of  the  volume  of  fluid 
required.  It  is  also  doubtful  that  inherent  intravenous  toxicity  could  be  demon¬ 
strated  easily  because  this  material  is  so  nontoxic.  Polyvinylpyrrolidone  is 
commonly  used  as  a  human  plasma  extender.  ^ 
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D.  Saline  Solution. 

y.  Saline  solution  is  not  very  toxic  when  administered  intraperit  one  ally 

in  the  doses  tested  (LD50  =  >316.0  ml/kg,  EDO  =  21.4  ml/kg).  It  is  used 
routinely  for  suspending  aqueous  extracts  instead  of  polyvinylpyrrolidone 
because  it  is  more  easily  obtained  and  easier  to  work  with.  Saline  solution 
does  not  possess  the  proper  solvent  characteristics  for  resuspending  extracts 
other  than  water.  Inherent  intraperitoneal  toxicity  could  not  be  determined 
because  of  the  volume  of  fluid  required.  Intravenous  toxicity  can,  however, 
be  demonstrated. 

E.  Distilled  Water. 

Although  more  toxic  when  administered  intraperitoneally  than 
saline  solution,  distilled  water  (LD50  =  190.0  ml/kg,  EDO  =  14.7  ml/kg)  can 
also  be  used  for  routine  resuspension  of  aqueous  extracts.  Rowntree*  *  has 
described  the  effects  of  large  quantities  of  water  when  administered  to 
mammals.  The  same  effects  were  observed  in  mice  at  dose  levels  higher 
than  100  ml/kg.  Distilled  water  is  not  used  for  resuspension  of  ethanol 
extracts  because  it  does  not  have  the  proper  solvent  characteristics. 

F.  Dimethyl  Sulfoxide  (100%). 

Dimethyl  sulfoxide  is  toxic  when  administered  intraperitoneally 
(LD50  =  11.0  ml/kg,  EDO  =  0.  3  ml/kg),  but  it  has  excellent  solvent  charac¬ 
teristics  and  many  potential  uses.  ^  it  can  be  used  in  small  concentrations 
to  aid  in  the  dissolving  of  difficult  extracts,  but-it  is  not  suitable  for  use  as  a 
vehicle  because  it  is  too  toxic  and  highly  irritating.  Dimethyl  sulfoxide  causes 
revsrsible  hemolytic  anemia  and  can  cause  discomfort  because  of  heat  released 
when  it  is  injected  (i.  e.  ,  from  the  heat  of  the  solution  when  mixing  with 
water).  *3  Caujolle  and  coworkers  ^  found  that  50%  dimethyl  sulfoxide  has  an 
LD50  of  17,  7  gm/kg  when  administered  intraperitoneally  to  mice. 

G.  Polyethylene  Glycol- 200  (100%). 

Polyethylene  glycol- 200  is  toxic  when  administered  intraperitoneally 
*  (LD50  =  7.5  ml/kg,  EDO  =1.0  ml/kg).  Shideman  and  Procita^  administered 

polyethylene  glycol- 400  to  mice  intraperitoneally  and  found  the  LD50  to  be 
9,2  gm/kg.  Highly  viscous,  polyethylene  glycol-200  is  also  too  toxic  for  use 
as  a  vehicle  when  administered  intravenously  or  intraperitoneally;  however, 
it  is  five  to  six  times  less  toxic  when  administered  orally,  and  it  could  be  used 


as  a  vehicle  by  this  route.  17  The  ld50  of  polyethylene  glycol  (mol  wt  = 
3,600)  when  administered  intragastrically  to  rats  and  guinea  pigs  is 
50.  0  gm/kg.  When  administered  intravenously  or  intraperitoneally, 
polyethylene  glycol  causes  hemolysis  of  red  blood  cells  and  serious  kidney 
damage.  16,  19  When  administered  orally  or  intragastrically,  however,  only 
very  small  amounts  reach  the  bloodstream,  and  it  is  not  as  damaging  to  the 
test  animal. 

H.  Propylene  Glycol  (100%). 

.  Similar  to  polyethylene  glycol  in  that  it  is  not  very  toxic  when 
administered  orally,  19  propylene  glycol  is  up  to  six  times  more  toxic  when 
administered  intravenously  or  intraperitoneally  (ip  LD50  =  10.0  ml/kg, 

EDO  =  0.  1  ml/kg).  20  Davis  and  Jenner^  report  an  LD50  of  11.4  gm/kg, 
and  Lampe  and  Easterday^  report  an  LD50  of  9.  7  gm/kg,  of  propylene  glycol 
administered  intraperitoneally  to  mice.  The  high  viscosity  and  toxicity  of 
propylene  glycol  (100%)  make  it  undesirable  for  resuspending  extracts  that 
are  to  be  injected. 

I.  Ethanol  (100%). 

Ethanol  (100%)  is  the  most  toxic  of  the  nine  solvents  tested 
(LD50  =  1. 2  ml/kg,  EDO  =  0. 1  ml/kg).  Reactions  displayed  by  mice  at  non- 
lethal  dose  levels  lasted  up  to  4  hr.  Latven  and  Molitar^3  report  that 
95%  ethanol  was  one  of  the  most  toxic  and  irritating  solvents  they  tested 
intravenously  in  mice. 

V.  CONCLUSIONS. 

A  comparison  of  the  toxicity  (EDO,  LD5Q  and  LD100)  of  these 
solvents  showed  their  descending  order  of  toxicity  to  be:  (1)  100%  ethanol, 

(2)  1 00%  polyethylene  glycol-200,  (3)  100%  propylene  glycol,  (4)  100%  dimethyl 
sulfoxide,  (5)  100%  sterol  diluent,  (6)  distilled  water,  (7)  0.  5%  methyl- 
cellulose  solution,  (8)  isotonic  saline  solution,  and  (9)  3.  0%  polyvinylpyrrolidone 
solution  suspended  in  isotonic  saline  solution. 
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APPENDIX 


REFERENCES  IN  THE  LITERATURE  PERTAINING  TO 
THE  VEHICLES  STUDIED 


Solution 

Animal 

Sex 

Injection 
route  a/ 

LD100 

LD50 

Reference 

% 

A.  Ethanol 


70 

Mouse 

-b/ 

Iv 

5.0  c/ 

4.0  b/ 

70 

Mouse 

— 

Oral 

17.0  c/ 

14.  5  c  / 

70 

Mouse 

— 

Sc 

18.0  c/ 

14.  5  c/ 

95 

Mouse 

— 

Iv 

3.0  c / 

2.  5  c/ 

95 

Mouse 

— 

Oral 

14.0  c/ 

12.  0  c/ 

95 

Mouse 

— 

Sc 

12.0  c / 

10.  5  cl 

30 

Rat 

— 

Ip 

— 

5.  0  gm/kg 

30 

Rabbit 

— 

Oral 

— 

7.  5  gm/kg 

B.  Polyethylene  Glycol  (mol  wt  = 

1.250) 

50 

Rat 

— 

Ig 

— 

51. 3  gm/kg 

C.  Polyethylene  Glycol  (mol  wt  = 

3,600) 

50 

Rat 

— 

Ig 

— 

50.  o  ^m/kg  3 

50 

Guinea  pig 

— 

Ig 

— 

50.  0  gm/v  3 

D.  Polyethylene  Glycol- 400 


100 


Mouse 


IP 


9.  2  gm/kg 


E,  Polyethylene  Glycol- 1000 


4 


100 


Mouse 


Ip 


2.  0  gm/kg 


4 


a/  Iv  =  intravenous;  sc  =  subcutaneous;  ip  >  intraperitoneal;  and 
ig  a  intragastric, 

b/  Dash  (— )  indicates  sex  not  recorded  in  reference. 


c /  Units  not  given. 
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APPENDIX  (contd) 


Solution 

Animal 

Sex 

Injection 
route  a/ 

LD100 

LD50 

Reference 

% 

F.  Polyethylene  Glycol- 4000 

100 

|  Mouse 

Ip 

— 

8.  0  gm/kg 

4 

G.  Propylene  Glycol 

100 

Mouse 

Male 

Ip 

11.4  gm/kg 

5 

100 

Mouse 

Male 

Ip 

— 

9.  7  gm/kg 

6 

50 

Guinea  pig 

Male 

Ig 

— 

18.  4  gm/kg 

3 

50 

Rat 

Male 

Ig 

— 

16.  4  gm/kg 

3 

100 

Mouse 

Female 

IP 

— 

9.7  gm/kg 

7 

— 

Mouse 

Both 

Ig 

— 

23.  9  ml/ kg 

8 

— 

Rat 

Both 

Ig 

— 

21.  0  ml/kg 

8 

— 

Guinea  pig 

Both 

Ig 

— 

18.9  ml/ kg 

8 

100 

Mouse 

-b/ 

Iv 

8.  0  c/ 

1.0  c  / 

1 

100 

Mouse 

— 

Oral 

26.0  cl 

22.0  c/ 

1 

100 

Mouse 

’  — 

Sc 

24.  0  c/ 

18.5  c/ 

1 

H.  Dimethyl  Sulfoxide 

50 

Rat 

— 

IP 

i 

12,  0  gm/kg 

9 

50 

Mouse 

— 

Iv 

— 

8.  9  gm/kg 

9 

50 

Mouse 

— 

IP 

— 

17.  7  gm/kg 

9 

100 

Mouse 

— 

Iv 

— 

5.8  gm/kg 

10 

100 

Rat 

— 

Iv 

— 

5.  4  gm/kg 

10 

100 

Mouse 

— 

Oral 

— 

21. 4  gm/kg 

10 

ICO 

Rat 

— 

Oral 

- 

28.  3  gm/kg 

10 

100 

Mouse 

Both 

Iv 

— 

3.8  gm/kg 

11 

100 

Rat 

Both 

!  Iv 

— 

5.  3  gm/kg 

11 

100 

Mouse 

Both 

Sc 

— 

20.  5  gm/kg 

11 

100 

Rat 

Both 

Sc 

i 

20.  5  gm/kg 

11 

a/  Iv  =  intravenous;  cc  *  subcutaneous;  ip  =  intraperitoneal;  and 


ig  =  intragaatric, 

b/  Dash  (— )  indicates  sex  not  recorded  in  reference, 
c/  Units  not  given. 
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APPENDIX  (contd) 


a 


Solution 


% 


Animal 


Sex 


Injection 

route 


LD100 


LD50 


Reference 


I.  Sodium  Carboxymethylcellulose 


No  toxicity  data  12,  13 

J.  Methylcellulose 

No  toxicity  data  12,  13 

K.  Polyvinylpyrrolidone 

Not  toxic  1 3 

L.  Water 

Toxic  in  excessive  amounts  14 

M.  Saline 

Not  toxic  1 5 
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